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Title: Decision support for the single-period inventory problem 
Abstract: The development of a decision support tool for the 
single-period inventory problem is presented. The support tool allows a 
consideration of the following factors: empirical frequency 

distributions, theoretical probability distribution functions and 

managerial probability estimates of total demand over the period; 
piece-wise linear (possibly discontinuous) cost functions. Such functions 
allow for the . . . 

... measures; and "what-if" analysis on the problem parameters. The support 
tool, which uses the Monte Carlo simulation option of Visual IFPS/Plus, 
is transparent and constructively simple and thus readily facilitates... 

...Descriptors: Monte Carlo methods 
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...DESCRIPTORS: Inventory control 

ABSTRACT: In a one-product production- inventory system, a continuous 
review (R,r) policy is used to control the inventory in the warehouse. 
The policy indicates that production starts when the stock on hand drops to 
r and continues until the stock level reaches R. The behavior of the 
inventory process is studied, and the cost minimizing values of r and R 
are determined. The production- inventory system is a compound Poisson 
demand arrival process and a continuous review (R, r) production control 
policy. Backlogging is allowed to a certain level, and the demand 
arrival rate depends on the production rate . Measures of performance 
include: 1. the probability distribution of the inventory level, 2. 
the average number of switchovers, and 3. the lost sales per unit time. 
The cost minimizing objective is a function of the probabilities of the 
inventory process in the steady state. A recursive procedure to calculate 
the steady state probabilities of the inventory process is developed. 
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. . .DESCRIPTORS: Inventory management 

...ABSTRACT: well-established statistical procedures. 3. A * ' hedge 1 ? can 
be provided for the inadequacies of the demand or lead-time forecast 
model. The application of joint probability distributions for 
lead-time and inventory demand rates is demonstrated in 3 examples 
that, if understood, can provide a basis for use of the more complex 
inventory models available. 
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PERIODIC REVIEW INVENTORY CONTROL MODEL FOR SLOW MOVING SPARE PARTS 
(MANUFACTURING) 

A periodic review (S, T) inventory control model for slow-moving 
spare parts for a single-echelon inventory control system is developed 
and evaluated using real data from a large manufacturer. Although 
forecasting-based models are quite realistic for inventory control of 
fast-moving spare parts, managers often have a difficult time determining 
suitable values... 

...processing plants. We assume a fixed replenishment lead time, fixed 
ordering and review cost, linear inventory carrying cost and a backorder 
cost associated with unfilled demand. No assumption regarding the nature. . . 

...applied in practice. Our model divides spare parts into several groups 
based on similarity of demand histories and lead times. Instead of using 
a theoretical probability distribution , individual demand 
frequencies for a sample of items in a group are combined to form a single 
frequency. . . 

...show that the proposed (S, T) model provides the manufacturer a better 
alternative to the inventory control model based on commercial enterprise 
resource planning (ERP) software. A test performed on a... 

...For the same sample, the proposed model had 36% lower average annual 
costs related to inventory management. 
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...measures: manufacturing flow times, quoted lead-time reliability 
(earliness and tardiness), throughput (or demand) rates, inventory 
levels, resource utilization, and expected profits. 

The optimal policies for both the manufacturing lead time... 

...problem for make-to-order manufacturing systems with lead time-based 
competition in obtaining customer orders . It is shown that although the 
probability distribution of manufacturing flow times depends on the 
order -acceptance rate which in turn is a function of the quoted lead 
time, the earliness cost and. . . 

...class of probability distributions. In contrast to the base-stock 
quantity in the classical "newsboy" inventory problem, the decision 
variable in the manufacturing lead time control problem is the quoted lead 
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SINGLE AND DUAL SOURCING IN STOCHASTIC LEAD TIME INVENTORY MODELS: A 
COMPARATIVE ANALYSIS 

In inventory management and control, when lead times are stochastic, 
a dual-sourcing technique in which the... 

...the two techniques. In this dissertation, we formulate mathematical 
models of one- and two-vendor inventory systems under stochastic lead 
times and demand and examine their optimal total cost performance in. . . 

...single- and multif actor experiments. 

We first analyze a simplified base-case model assuming a uniform 
probability distribution for the lead times and a constant rate of 
demand . For the two-vendor system, we assume that the lead times for both 
the vendors . . . 



...vendors. We then progressively relax the assumptions and develop models 
of more complicated and realistic inventory systems. Besides the uniform 
distribution model, we investigate two additional models with exponentially 
distributed lead. . . 
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HE Transactions, 31, 2, 161 

Feb, 1999 

ISSN: 07 4 0-817X LANGUAGE: English RECORD TYPE: Fulltext 

WORD COUNT: 8729 LINE COUNT: 00738 

TEXT: 

...measures: manufacturing flow times, quoted lead time reliability 
{earliness and tardiness) , throughput (or demand) rates, inventory 
levels, resource utilization, and expected profits. These and other related 
managerial issues are explored. Our... 

... measures: manufacturing flow times, quoted lead time reliability 

(earliness and tardiness), demand (or throughput) rates, inventory 
levels, and resource utilization. In general, these performance measures 
and their in terrelationships are of... nine workstation controllers for the 
next model to be assembled on the system. 

The annual inventory carrying cost rate for all inventory is 
estimated at 22%. The variable production cost for the entire production 
process is aboutwithout a tremendous amount of inventory — 30 to 35 
inventory turns per year are common. However, for make-to-order items, 
late deliveries typically run ... reasoned qualitatively that there will be 
some penalty for not considering the impact of the order acceptance rate 

as well as the quoted lead time on the probability distribution of 
manufacturing flow time, and consequently on the expected profit, the 
significance of the prof it ... Journal of Production Research, Journal of 
Business Logistics, Management Science, Naval Research Logistics, 
Production and Inventory Management Journal, and Production and 
Operations Management. 
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TRANSLATIONS: 
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WORD COUNT: 6057 

...ABSTRACT: reasons for trying to achieve substantial gains include: 
changes in distribution activities, such as transportation, inventory 
management, packaging, warehousing, order processing, receiving and 
shipping, and overall distribution management, which can negatively. . . 

...planning based on trade-offs between the two most costly distribution 
functions, principally transportation and inventory -carrying, and by a 
more rational balancing of inventory levels, stockout frequencies, and 
expediting, distribution managers can achieve substantial and immediate 
profit improvements in. . . 

filling the anticipated demand whenever possible from the 
lowest-cost source, (b) summing the individual inventories at each 
warehouse so that the storage space available is not exceeded, and (c) 
determining . . . 

...run, decides how much of each product to make when it is run, and 
optimizes inventory investments and reorder points for each product, 
taking into account whether company-owned warehouse space... 

...important reasons for seeking substantial gains are: 

Distribution activities (which for present purposes include 
transportation, inventory management, packaging, warehousing, order 
processing, receiving and shipping, and overall distribution management) 
are closely intertwined. . . 

...cutting transportation costs by shifting to a cheaper but slower 
transport mode will often increase inventory levels and warehousing 
costs. Thus one may inadvertently rob Peter to pay Paul. 

Distribution costs and operations involve inherent uncertainties. 
Inventory -carrying costs, reordering costs, profit penalties associated 
with stockouts, and future demand and variability of. . . 
...are quite difficult to estimate accurately. 

Distribution costs are often hidden. The cost of carrying inventories 
in many companies is roughly as high as the operating profits before taxes, 
yet it . . . 

...determining the effect of mode and shipment size on the overall sum of 
transport costs, inventory -carrying costs, or profit losses from 
stockouts . 

Because of these obstacles, distribution managers often fall... 



...effect of distribution operations on product sales and annual margin 
income. Thus many articles on inventory management describe how to 
determine minimum-cost lot sizes and order points to achieve a...R. 
Sprague, in their examination of supermarket distribution, determined that 
the most profitable in-stock inventory level at a manufacturer's 
finished-goods warehouse was 99.5% for relatively big-ticket... 

...is based on explicit profit-maximizing trade-offs among the various 
distribution functions, principally transportation, inventory management, 
and expediting. Neither this approach nor any other can avoid the difficult 
estimates of costs. Important factors include the network of supply 
locations, transport modes, orderprocessing times, inventory levels, and 
delivery and expediting frequencies. 

4 . Capital costs associated with distribution, including equipment and 
facility costs and the cost of carrying inventory , should be annualized 
at an interest rate equal to the opportunity cost of capital for. . . 

...substantial, immediate profit improvement in an existing distribution 
system by a more rational balancing of inventory levels, stockout 
frequencies, and expediting. Then, in the longer term, relocation of 
distribution facilities and. . . 

...time increases to 31 days. The magnitude of the stockout peak depends on 
how much inventory the supply point carries, how frequently it uses 
expediting to avoid the delay in response... 

...stockout peak of the customer supply profile, in which the most 
profitable trade-offs among inventory investment, shipping and expediting 
frequencies, and expected incidence of stockout s are determined. This phase 
does . . . 

...as an explicit alternative to allowing stockouts to occur or to 
increasing the level of inventory . Although various types of expediting 
are important everyday occurrences in most businesses, many inventory 
planners act as if expediting did not exist, and rarely try to measure the 
profit . . . 

...expediting should not be used. 

It is clear that in either case the investment in inventory must be 
balanced against the required frequency of expediting in the first case and 
the. . . 

...second case. Once the decision on expediting is resolved, a decision on 
the most profitable inventory level must follow. 

SECTION HEADING: Effects>3 of stockouts>3. Thus it is necessary to... 

...out of stock (a point of view that is often illogically coupled with 
restrictions on inventory turnover that make some stockouts unavoidable) . 
Or, more explicitly, a company may decide, say, that a 95% fill rate 
represents the best balance between stockout frequency and inventory 
investment. Even more concretely, either the marketing department or 
customer surveys may help determine the ... relatively cheap, it may be more 
profitable to set lower fill rate goals for the inventory system and 
resort to frequent expediting when stockouts threaten. Second, even if two 
items in . . . 

...and so forth. Expediting prevents impending stockouts and hence can sere 
as a substitute for inventory stocks. Thus expediting is most profitable 
when potential inventory savings are large, as with products of high unit 
cost and erratic demand. 
Sometimes, of . . . 



. . . stockouts . 

When expediting is profitable, the next step is to determine the best 
balance between inventory investment and the expected frequency of 
expediting. The important variables are these: 

1. The demandcost of carrying inventory , based on the annual 
inventory -carrying charge rate and the unit cost of the item. 

5. The difference between the... 

...of "safety stock" that can be saved by expediting. (Half or more of the 
total inventory investment in many companies is in the form of safety 
stock, which is the amount of reserve inventory kept to prevent stockouts 
caused by unpredictable demand spurts before a new shipment arnves. On the 
average, the inventory level when the new shipment arrives is the safety 
stock. ) 

Profit-maximizing models can be developed to determine the best 
expediting policy. For the somewhat simplified case of continuous-review 
inventory management, lead time demand following a normal probability 
distribution , constant freight rates , negligible fixed costs of ordenng, 
and the ability to anticipate the need for expediting and... 

...standard deviations of demand). The higher the value of the expedite 
factor, the lower the inventory safety stock level at the destination 
point should be, and, as shown by the upper. . . 

...by the next-higher supply echelon. 

This relationship quantifies the sensible practice of keeping low 
inventories at the destination and frequently expediting items with high 
unit cost, relatively unpredictable demand, and... 

...is predictable should still be shipped by the slower, cheaper, and less 
reliable mode. However, inventory levels at the destination should be 
reduced so that a substantial degree of expediting by. . . 

...tier arrangement will often result in substantial savings in the sum of 
transportation costs and inventory -carrying costs compared with costs of 
using either transportation mode alone. Many commodities now being... 

...by truck. When stockouts threaten, an expedited truck shipment can be 
made . 

Similarly, when the inventory levels are properly set, movement by air 
cargo is profitable for some portion of the... 

...higher than the estimated stockout penalty, a company should determine 
the most profitable balance among inventory investment, shipping 
frequency, and expected gross margin loss from stockouts. 

Consider first the trade-off between inventory investment and profit 
penalty from stockouts (see Exhibit V) . As expected, the higher the profit 



...the higher should be the fill rate, which in turn requires a higher 
investment in inventory . 

However (and this point is often overlooked) , if two items have the same 
stockout penalty. . . 

...reason for this, of course, is that the item with relatively 
unpredictable demand requires more inventory to achieve a given fill 
rate. Hence the point of maximum profit is at athe sum of the inventory 
-carrying cost and the stockout cost ranged from 7% in excess of the 
optimum policy. . . 



...determine the most profitable fill rate for an item and feed this result 
into existing inventory -control programs.) 

In my experience, one of the most important advantages of the 
stockout-penalty . . . 

...rather than mixing the apples and oranges of arbitranly selected fill 
rates, expediting policies, and inventory -turnover goals. Marketing, 
manufacturing, and distribution managers can rationally discuss the 
required input estimates and. . . 

...in profit is a trade-off of stockout costs, transportation costs, and 
investment in required inventory to determine the optimum frequency of 
resupplying a warehouse or a customer. Frequently, the transportation 
manager makes this decision on the basis of freight rates, ignoring the 
effect on inventory level, or the inventory manager decides on the 
basis of calculations of economic lot size, ignoring the effect on freight 
costs . 

The best three-way trade-off of stockout cost, transportation cost, and 
inventory investment can be determined for the aggregate flow of multiple 
products from a supply point... 

...or customer. As expected, large, infrequent shipments reduce annual 
transportation costs but result in higher inventory investment, while 
more frequent but smaller shipments have the opposite effect. 
Exhibit VI shows typical... 

...each item every two weeks (24 times a year) and make a shipment if its 
inventory had been reduced by an unexpected spurt in demand made scheduled 
partial shipments every two... 

...tactical procedures I have described for maximizing PDM profitability 
concern the most profitable balances among inventory investment, 
expediting action, shipping frequency, and the extent to which stockouts 
should be permitted to ... HEADING : Concluding note. The two most important 
costs in PDM--those for transportation and carrying inventories --are 
bounding upward at rates greatly in excess of increases in the general 
price level . . . 
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